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1. Introduction

Our research effort in reconstructing past climates can

be divided inte four categories:

1) Development of data banks on past environmenrs.

2) Development of calibration functions to make “ossible
the interpretation of environmental change in terns
of changes of climatic variables.

3) Reconstruction of spatial patterns and time series
of past climates.

4) Interpretation of past climates.

The focus of our current efforts is the Holocene, approximately

the past 10,000 years.

Four specific projects are reportes here:

1) Pollen records of the last 11,000 years - obtained

from Jike sediments - dated with radiocarbon.
2) Pollen rec rds of the last 2000 years - obtained from
annually laminated lake sediments - dated by counting.

3) Tree core records of the last 200-300 years.

4) Historical! (non-instrumental) records.

These four projects are described in detail in our research
proposal (30 June 1974-29 June 1975) and their current status

is summarized below.

2. Current Status

2.1 Pollen Records (the last 10,000 years)

a) Eastern North America (T. Webb 111)
Using all available radiocarbon-dated fosscil

pollen cores from eastern North America, maps have

been prepared showing the changing patterns of the




various pollen types at 1000 year intervals over the past
11,000 yeais. Maps for spruce, pine, oak and total herb pollen
have been drafted for 11,000; 10,000; 9,000; 8,000; 7,000;
4,000; and 2,000 years ago. Difference maps have also been
prepared showing the changes 1in pollen-type distribution
from one interval to the next. Finally, these maps are being
used to ctrace the migration of ecotones during the Holocene
(sce Fig. 1).
A manuscript describing these maps is now near completion.
Figure 1 shows the movement of counifer forest - tundra (A),
deciduous forest - conifer-hardwood forest (B), and prairie
border (C) ecotones, based upon analysis of C-14 dated pollen
cores in eastern North America. Isolines are labelled in
thousands of years before present. Thus, figure 1A illustrates
the northward retreat o: spruce forests between 11,500 and
8,000 years ago; figure 1B illustrates the northward movement
of deciduous forests between 10,000 and 7,000 years ago; figure 1C
illustrates an castwaruy movement of the prairie border between
11,000 and 7,000 ye:rs ago, followed by & westward movement

between 7,000 and 2,000 years ago.

b) Soviet Union (G.M. Peterson)

The past year was spent largely in librery research,
reviewing Soviet and American bibliographies to determine the
amount of information available on Holocene palynology in the
Soviet Union. The preliminary results indicate an abundance
of pollen data for the Holocene, particularly for the European
USSR, including surface samples, pollen diagrams, and radiocarbon
dates.

Approximately 100 published references were obtained with
surface pollen data for over 700 locations in the USSR (sce

Figure 2). We are presently verifying sample locations and

standardizing the pollen data for compuier mapping with the SYMAP
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program. The immediate goal 1is to produce a set of isopoll
maps for the USSR similar to those for eastern North America
(Webb and McAndrews, in preparation).

Holocene pollen diagrams are alsc abundant. Neishtadt
(1957) used 155 pollen diagrams to reconstruct vegetation
history for the USSR in the last 12,000 years (see Figure 3).
Many more pollen diagrams have subsequently appeared, and radio-
carbon chronologies are fairly well established for the European
USSR. Figure 4 shows the locations of 23 dated pollen diagrams
in the Soviet Union.

The majority of surface samples and pollen diagrams are
from the region west of 90° E, and the majority of C-14 dated
diagram= are from the area west of 45° E. The area from European
USSR to the Western Siberian Lowland will thus be most fruitful
for climatic reconstructions, although dated pollen diagrams
and surface sample data are also available from northeastern
Siberia, Sakhalin, and the Kamchatka Peninsula.

A receat reference by Grichuk (1973) indicates that very
little has been done in the USSR to quantitatively reconstruct
past climates from pollen data. We have found only one such
reference for the Holocene (Grichuk, 1969). The attempt by
Grichuk was based on the geographical extent of certain species,
and is less sensitive than the multivariate statistical techniques
which will be used in the present study.

The present study, in ¢onjunction with those currently
in progress for eastern North America (Webb, et al.; Swain in prep.)
will provide reconstructions of synoptic paleoclimatic patterns

over a large segment of the northern hemisphere.
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¢) India (Bryson, Swain, Webb)

A set of calibration functions have been derived from
tne surface pollen data in northwestern India and time series
of temperature and rainfall have been reconstructed for cores
from Kuckaranzar and Didwana (see preliminary report in Bryson,

1934 (IES Report #27).

2.2 Pollen Records (the last 1000-2000 years)

Nature

The purpose of this research i1s to reconstruct short-term
climatic changes over the past 1000-2000 years by using quanti-
tative techniques to calibrate pollen assemblages, varve measure-
ments, and chiarcoal influx in terms of climate from annually
laminated (varved) sediments from lakes in northeasterrn North
America. Because precise dating is possible from varved lakes,
the climatic reconstructions from varve thicknesses and pollen
counts can be used independently to verify climatic reconstructions
from tree rings as well as exteuding the climalic record in areas
where tree-ring chronologies are relatively short (less than 300

years) or are insensitive tc climatic variability. ]

Status

Cores of varved lake sediment have now bheen collected from
lakes in Wisconsin and during 1974, five other varved lakes
were located and sampled in eastern U.S. A total of aboutr 30
varved lakes have been found in northeastern North America (Fig. |

5) of which only about 15 are adequately varved for dating purposes.

This network provides a basis from which synoptic patterns of short- :
term changes of climate can be viewed. :.

Pollen and charcoal counts from a series of samples of 10

years each over a period of 1000 years have been completed from

three lakes with varved sediments - 70 samples from Lake of the




TR —— —— AT REm— e ———

Clouds (northeastern Minnesota, Swain, 1973), 40 and 30 samples
from Hell's Kitchen and Dudley Lake respectively (both in nor-h-
central Wisconsin). The pollen and charcoal! record at Hell's
Kitchen Lake is currently being extended to cover the period
from 1000 to 2000 years ago to tie in with Denton's studies (1973)
on the activity of mountain glaciers over the past 2000 years.

A climatic interpretation based on the results of pollen
and charcoal analysis from these three lakes suggests a "Little
Ice Age" event with an increase in precipiation or a decrease
in temperature or both for the period 1450 to 1850 A.D. The
pollen diagrams (Figs. 6,7,8) show a decreace in the percentages of _
the pioneer species of jack/red pine (Pinus banksiana and P £g§i22§§)5

and birch (Betula paprifera) which requires periodic fires for

adequate reproduction and an increase in the longer lived species

such as hemlock (Tsuga canadensis) and spruce (Picea, sp.) which

can reproduce in the absence of fire. A relative increase in
moisture would recualt in a decreased frequency of fire and thus

favor spruce at Lake of the Clouds and hemlock at Hell's Kitchen

Lake and Dudley Lake. Temporary increases of white pine (P. strobus)
are shown at Hell's Kitchen but are later replaced by hemlock

during the 1450-1850 A.D. interval. White Pine also requires fire
for good reproduction but not at a frequency as short as that for
jack pine or birch. Decreased values of charcoal influx and of
charcoal/pollen ratios during the 1450 to 1850 interval confirm

the above interpretation of a ~elative increase in moisture.

The beginning of agriculture in the region is marked by the
increased values of ragweed (Ambrosia), grass (Gramineae), and
chenopods (Chenopodium Type) during the past 70 years at the
three sites. The low values of white pine and hemlock for about
the last 60 years at Hell's Kitchen are probably due to logging
adjacent to the lake.

Because the independent results from these three lakes agree,

this strongly indicates that pollen and charcoal analysis from




|

varved lake-sediment provides a suf’iciently sensitive proxy
record of short-term climatic changes.

The calibration of the pollen records in terms of climate
from these varved lakes is currently in progress (work by John
Pollack) and should be complete within six months. However,
the current results are still too tentative for discussion. A
set of about 150 sites with modern pollen and climatic data within
600 km of Hell's Kitchen Lake provides the basis for calculating
a calibration function. This function is also beiag used to
calibrate the pollen record from Lake of the Clouds and Dudley
Lake. The density ¢i surface samples around these lakes appears
adequate but further work with calibration functions may prove
that more may be needed. In fuvure calibration functions a
quantitative value of soil properties at each site (provided by

Dr. F. Hole, Univ. of Wisconsin, Soils Dept.) will be included
with pollen and climate. At the space scale of a radius of 600 km
the pollen/climate relationships may be obscured by soil properties
because the soils are an important factor in determining the
composition of tne vegetation in many areas within the radius.

Pollen counts from Maria Boyko (1973) and Dr. J.H. McAndrews
are available for two varved lakes - one 20 mi. west of Toronto,
Ontario and one in Algonquin Provincial Park north of Toronto.

The calibration of the pollen records from these varved lakes will
be delaved until satisfactory calibration functions are developed

from the thre2e lakes described above.

, T ———— i

b
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Figure 5. Locations of lakes with varved sediments. Circled
points indicate lakes with varves that are adequate

for dating purposes.
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2.3 TREE CORE RECORDS

Collection and Processing

Over 200 tree cores have been collected from seven sites in
'Wisconsin. The sites are located along the northern and eastern
boundaries of the state. The oldest stand (red pine) is from
Menominee County and extends back to about AD 1690. Two of Lthe
sites, i.e., Hell's Kitchen and Dudley Lakes (see Figure 9 ) are
located only several miles from lakes from which varve cores have
been obtained. Therefore, we have two independent records of the past from these
sites. Tree-riug chronologies are typically 250 years in length.

Additionally, cores were obtained from Algonquin Provincial
Park, Ontario, and from four sites from Pennsylvania to Maine
during the summer of 1974. These cores were obtained from sites
near varved lakes which were sampled at the same time.

Prof. P. Munson of the University of Indiana is cooperating
with us to establish a long chronology of tree cores from the
upper Midwest. The composite chronology will include living
tree cores, plus cross~dated floating chronologies obtained from
archaeolcgical sites and buried logs recently exposed by erosion.
We anticipate the development of a dendrochronological record
extending several centuries into the past. The cross-dated master
chrornology will be used to construct climatic series contemporan-
eous with the trees.

All Wisconsin cores have been processed and cross-dated.
Master chronologies have been prepareda for the sites. This was

ac~omplished by adopting two FORTRAN programs written by per=

sonnel at the Laboratory of Tree-Ring Research at Tucson. Several

months were required to change the programs from a CDC format

to our Univac system. The relationship of the master chronologies
to climate will be investigated over the coming months. This

will involve simple correlations and the development of calibration




functions between recent tree-growth and climate so that the
relatively longer tree chronologies can be used to reconstruct
~limate from times prior to actual observation.

A computer program to identify missing or false rings

in tree cores war developed and will be submitted for publication.

Collection of Climatic Records

An adequate sample of continuous climatic data have been
assembled and punched on cards for the Wisconsin tree core sites.
These include essentially century-long temperature and precipi-
tation anomalies from the 1931-60 mean. Three to six near-by
station records were used to formulate the areal mean. These
will be used to identify those climatic data which correlate

best with the indices of tree growth.

Calibration Functions

The calibration of tree indices in terms of climate is in
progress. The programs and calibration functions will be developed

within the next year.

COLLECTION OF HISTORICAL CLIMATIC RECORDS

A data bank of references of early accounts of weather and
climate was begun under this grant. Assemblages of this sort
are useful and necessary for verification of climatic recon-
structions based on proxy records. The data bank includes over
670 entries. These are now punched on cards and can be sorted
by time or area.

A summary of the climatic data from Hudson Bay Company's
York Facto-y from the late 1600s to the early twentieth century
will be completed within the next year. A paper is also in

preparation analyzing climatic «changes as noted in climatic

journals from Russian Alaska (early 1800s) compared to the present.

This paper will also be completed within the next year.




1 e

4 Figure 9. Tree-core and Varve Sites in Wisconsin.
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